Abstract-In performing the experiments, the interference source has the form of a hollow PVC tube wrapped with a current-carrying coil, while the detector has the form of a PIN (Positive-IntrinsicNegative) photodiode. The experimental results show that the electromagnetic disturbance (EMD) signal effect is dependent on the number of turns, the direction of the electromagnetic field, and the frequency and amplitude of the interference voltage. Specifically, it is shown that when the electromagnetic field acts in the opposite direction to that of the laser beam, the intensity and optical power of the detected signal decrease with an increasing interference frequency or amplitude. By contrast, when the electromagnetic field acts in the same direction as that of the laser beam, the intensity and optical power increase with an increasing interference frequency or amplitude. In addition, it is shown that the effect of EMD on the intensity of the laser beam increases with an increasing laser beam dispersion (i.e., an increasing distance from the laser source).
INTRODUCTION
The proliferation of electronic and wireless devices in recent decades has brought about remarkable benefits, such as greater connectivity, improved efficiency, a more convenient lifestyle, and so on. However, it has also given rise to the problem of electromagnetic interference (EMI) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , in which the desired signals of an electronic device are interfered with by the electromagnetic field generated by another device. In most cases, the effects of EMI are no more than a mere annoyance, e.g., aircraft, hospitals, implanted cardiac devices, and so on, EMI can have potentially disastrous effects. As the complexity of the electronic circuits used in modern devices continues to increase, the problem of EMI becomes increasingly severe. Thus, exploring the origins and effects of EMI, and devising effective means of shielding electronic devices from these effects, is a matter of great concern in the electronics and wireless communications fields. This experiment contains signal emitter, transmission and receiver already have the basic elements of the communication system, which uses electromagnetic wave of a current-carrying coil (it is also an inductance) to interfere the laser light signal and study how many photons is affected, it is a very specific aspect of interference: the interaction between the magnetic field and the laser beam.
The present study considers the particular case of an inductance generating an electromagnetic wave on the light intensity signal of a laser system with a central wavelength of 532 nm. Laser systems with such operating wavelengths are common in such applications as in life, education, medicine, and other military laser equipment. Consequently, the effects of EMD on their operation are an important concern.
Most electrical home appliances emit electromagnetic radiation in the low frequency range. Accordingly, the present study considers EMD with a frequency of 100 Hz∼1 kHz and an amplitude of 0∼0.6 V. The results show that the effects of EMD increases with an increasing interference frequency or amplitude and an increasing dispersion of the laser beam. In general, the findings presented in this study provide a useful source of information for circuit designers, laser metrology design engineers, and others in the environmental, electrical and electronics fields. Figure 1 presents a schematic illustration of the experimental setup used in the present study. As shown, the main items of equipment include a pulsed laser source (green optical emitter, wavelength 532 nm, a frequency of 100 Hz, GLM-L1PB-05a), two interference sources (PVC plastic tubes wrapped with a current-carrying coil), and a PIN (Positive-Intrinsic-Negative) photodiode (THORLABS DET110). In performing the experiments, the photodetector was interfaced to a signal analysis and measurement system comprising an HP oscilloscope (Model 54610B) and an Agilent spectrum analyzer (Model E4440A, 3 Hz∼26.5 GHz). To highlight the effect of EMD, the experimental system use attenuator to reduce the laser light intensity. Finally, the entire system was operated under the control of a PC fitted with a GPIB interface card and LabVIEW software.
EXPERIMENTS
In performing optical measurement experiments, any external light sources should be isolated due to the high sensitivity of the photodetector [17] [18] [19] . Thus, this study must turn off the interior lights when the experiment. Furthermore, the various items of equipment were fixed securely in place in order to minimize experimental noise caused by changes in the angle, distance or direction of the laser beam.
THEORETICAL ANALYSIS
In the setup shown in Figure 1 , the laser beam was passed though Interference Source I (IS 1), reflected by a mirror, passed through IS 2, and was then incident on the PIN detector. The interfered light signal was then transmitted to the oscilloscope and spectrum analyzer in order to obtain the time domain spectrum of the detected light signal. In performing the experiments, a pulse voltage (V p = 0∼0.6 V, f = 500 Hz) and periodic square wave (100 Hz to 1 kHz, V p = 0.4 V) were applied in various combinations and directions across points A1 and B1 of IS 1 and A2 and B2 of IS 2. The effects of the resulting EMD on the laser signal were then investigated by examining the corresponding output voltage waveform and interference noise spectrum.
Magnetic Interference
The Lorentz force (F ) acting on a charge q moves with velocity v in the presence of both a magnetic field B and an electric field E, it is given by Figure 2 presents a schematic illustration of the interference sources used in the present study, comprising a current-carrying coil wrapped around a hollow PVC tube. Let the current carried by the coil be denoted as I and assume that the coil is wrapped with N turns per unit length. In accordance with Ampere's circuit law, the current passing through the coil induces a magnetic field in a direction given by Ampere's right-hand rule. Consider a rectangular path C, and assume that the tube is tightly wrapped such that the magnetic field is parallel to the tube axis. From Ampere's circuit law, the intensity (B) of the induced magnetic field is given as [20] 
where μ 0 is the permeability of free space. As shown in Equation (2), B depends only on the number of loops per unit length (N ) and the magnitude of the current passing through the coil (I). Note that N and I have values of 500 turns and 0∼0.019 A, respectively, in the present study. The magnetic field density and flux density at the end of the solenoid are given respectively as [21] 
Note that P r represents the average energy per second at the end of the solenoid. By the Equations (2) and (4) in terms of the experimental V P = 0.25 V and V P = 0.3 V, obtaining the P r value are 53.18 mW and 76.93 mW, respectively. It is shown the value of the difference is ΔP r = 23.75 mW, and which corresponds to impact the number of photons seen from Table 1 for 0.295E12. 
Quantum Particles
Einstein suggested that the energy of a light beam is not spread evenly but is concentrated in certain regions, which propagate like particles known as "photons". Einstein was led to the concept of photons by the work of Planck on the emission of light from hot bodies. Planck found that light energy is emitted in multiples of a certain minimum energy unit. The size of this energy unit, referred to as a quantum, depends on the wavelength λ of the radiation and is given by [22] 
where h is Planck's constant, c is the light velocity, λ is the light wavelength, and f is the light frequency.
For the laser beam considered in the present study, the wavelength is equal to 532 nm and the frequency is equal to 5.639E14 Hz. Thus, the photon energy is equal to 3.736E-19 J.
In the present experiments, the effects of EMD on the laser beam intensity was evaluated given two different directions of the magnetic field in the interference sources, namely (1) the reverse direction (i.e., in the opposite direction to that of the laser beam), and (2) the forward direction (i.e., in the same direction as the laser beam). Intuitively, the magnetic field in the former case impedes the forward scattering of the photons, and therefore reduces the light intensity. By contrast, in the latter case, the forward scattering of the photons in enhanced, and hence the light intensity increases. Figure 6 . Effect of reverse pulse frequency interference P 1 on detected light intensity spectrum.
EXPERIMENTAL RESULTS
As described in the following, the present experiments involved six different measurement modes. (a) Reverse pulse amplitude interference 1 (apply a variable pulse wave amplitude to IS 1 with a constant frequency f = 500 Hz, and apply a constant voltage V P 2 = 0.4 V to IS 2): input pulse amplitude V P 1 = 0 V∼0.6 V applied to points A1 and B1 of IS 1 with step ΔV P 1 = 0.05 V. The corresponding measurement results for the root mean square voltage V rms , optical power, and number of photons/sec are presented in Table 1 . The oscilloscope traces and spectrum analysis results are presented in Figures 3  and 4 , respectively. The results show that as the amplitude of the pulsed interference voltage increases, the intensity of the detected laser beam reduces.
(b) Reverse pulse frequency interference 1 (apply a variable pulse frequency to IS1 1 with a constant pulse amplitude V P 1 = 0.4 V, and apply a constant voltage V P 2 = 0.4 V to IS 2): pulse frequency f = 100 Hz∼1000 Hz applied to points A1 and B1 of IS 1 with step Δf = 100 Hz. Table 2 presents the V rms and optical power measurements. Figures 5 and 6 show the corresponding oscilloscope traces and spectrum analysis results. It is seen that the light intensity reduces as the interference pulse frequency increases.
(c) Reverse pulse amplitude interference 2: (apply a variable pulse amplitude to IS 2 with a constant pulse frequency f = 500 Hz, and apply a constant voltage V P 1 = 0.4 V to IS 1): pulse amplitude V P 2 = 0 V∼0.6 V applied to points A2 and B2 of IS 2 with step ΔV P 2 = 0.05 V. Table 3 presents the measured values of the root mean square voltage V rms and optical power. Figure 7 shows the oscilloscope traces and Figure 8 shows the spectrum analysis results. It is seen that the intensity of the detected laser beam reduces as the amplitude of the interference increases. Voltage (V) Figure 9 . Effect of reverse pulse frequency interference P 2 on detected voltage waveform.
(d) Reverse pulse frequency interference 2: (apply a variable pulse frequency to IS 2 with a constant pulse amplitude V P 2 = 0.4 V, and apply a constant voltage V P 1 = 0.4 V to IS 1): pulse frequency f = 100 Hz∼1000 Hz applied to points A2 and B2 of IS 2 with step Δf = 100 Hz. Table 4 (e) Forward pulse amplitude interference 2: (apply a variable pulse amplitude to IS 2 with a constant pulse frequency f = 500 Hz, and apply a constant V P 1 = 0.4 V to IS 1): pulse amplitude V P 2 = 0 V∼0.6 V applied to points A2 and B2 of IS 2 with step ΔV P 2 = 0.05 V. Table 5 presents the measurement results obtained for the root mean square voltage V rms and optical power. Figure 11 shows the waveforms of the interfered output voltage signal. Figure 12 presents the spectrum analysis results. It is seen that as the amplitude of the interference voltage increases, the intensity of the detected light signal also increases.
(f) Forward pulse frequency interference 2: (apply a variable pulse frequency to IS 2 with a constant pulse amplitude V P 2 = 0.4 V, and apply a constant voltage V P 1 = 0.4 V to IS 2): pulse frequency f = 100 Hz∼1000 Hz applied to points A2 and B2 of IS 2 with step Δf = 100 Hz. Table 6 shows the measured values of the root mean square voltage V rms and optical power. Figures 13 and 14 show the detected output voltage waveforms and the spectrum analysis results, respectively. The results show that the intensity of the detected light signal increases with an increasing interference frequency. Figure 12 . Effect of forward pulse amplitude interference V P 1 on detected light intensity spectrum. Voltage (V) Figure 13 . Effect of forward pulse frequency interference P 2 on detected voltage waveform. Figure 14 . Effect of forward pulse frequency interference P 2 on detected light intensity spectrum. Table 7 summarizes the values of ΔP PIN and ΔV rms for cases (a) and (b), corresponding to IS 1, cases (c) and (d), corresponding to IS 2. The results show that the impact of EMD on the laser beam power and voltage increases as the dispersion of the laser beam (i.e., the distance from the laser source) increases.
By the above tables, the electromagnetic field acts in the opposite direction to that of the laser beam, the intensity and optical power of the detected signal decrease with an increasing interference frequency or amplitude. By contrast, when the electromagnetic field acts in the same direction as that of the laser beam, the intensity and optical power increase with an increasing interference frequency or amplitude. In addition, the Table 7 is shown that the effect of EMD on the intensity of the laser beam increases with an increasing laser beam dispersion.
CONCLUSION
The results have shown that for the case in which the electromagnetic field acts in the opposite direction to that of the laser beam, the detected light intensity and optical power decrease as the amplitude and frequency of the interference voltage increase. By contrast, when the electromagnetic field acts in the same direction as the laser beam, the light intensity and optical power both increase with an increasing interference amplitude and frequency. In addition, the results have shown that as the dispersion of the laser beam increases (i.e., the distance from the laser source increases), the effects of EMD become increasingly pronounced. In general, the results presented in this study confirm that EMD has an adverse effect not only on the performance of electrical and electronic circuits, but also on the optical performance of laser systems. Thus, in designing laser systems in which the output power and optical density are an important concern, the need for effective EMD shielding strategies must be carefully considered.
